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The experiments described here indicate that water penetrates more than 18 
times  faster  than  ethyl alcohol into  Nitella  when  comparison  is  made  on a 
molecular basis. This raises interesting questions since the protoplasmic surface 
is  composed of  non-aqueous  material  which  might  be  expected  to  be  more 
permeable to alcohol than to water. 
EXPE~rF.NTAL 
In order to avoid injury no concentrations of ethyl alcohol above 0.5 molal were 
employed. The cells  1 were kept under observation for at least 2 days after the experi- 
ment and unless they remained ha good condition the experiment was rejected. Cells 
which lived 2 days usually lived indefinitely. 
The more rapid entrance of water may be shown by placing on a microscope slide 
a  cell 7 to 9 era.  long with a barrier of vaseline in the center to prevent the solution 
placed at the left end, A, from mixing with the solution placed at the right end, B. 
Placing the water at A  and 0.5 molal ethyl alcohol at B  we find that water enters 
the cell at A, passes along inside the cell, and escapes at B, leaving behind at B the 
substances which cannot pass out through the protoplasm. The motion of water is 
easily observed  ~ since it carries with it particles suspended in the large central vacuole 
of the cell.  a The motion slows clown as alcohol enters B  and soon stops. As alcohol 
1 The observations were made  on N~tella flexills,  Ag. The cells  were freed from 
neighboring cells  and observed at once or kept in the laboratory in Solution A  (cf. 
Osterhout, W. J. V., and Hill,  S. E., Y. Gen. Physiol.,  1933-34, 17, 87) at  15°C.  4- 
I°C. About 15 hours before use the cells were placed in a large amount of Solution A 
in a room at about 25°C. and the temperature of the solution rose gradually to about 
25°C. and the experiments were performed at about this temperature. 
Microscopic observations show that the dimensions of the cell do not change during 
the experiments so that we may conclude that when a given amount of water enters 
at one end the same amount escapes at the other end. 
The use of metal forceps was avoided. 
This  motion  may  occur  without  stopping  the  normal  protoplasmic  motion 
(cydosis). 
The vacuole is over 450 microns in diameter; it is surrounded by a layer of proto- 
plasm about 15 microns thick outside of which is the cellulose  wall about 15 microns 
in thickness. 
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continues to enter at B  a  reverse motion is set up which carries particles back from 
BtoA. 
It may also be demonstrated by observing the shortening of the cell which occurs 
when the entire cell is immersed in 0.5 molal alcohol. This method was employed by 
Co[lander and Bgrlund. The cell shortens because the exit of the water is more rapid 
than the entrance of the alcohol.  4 
J  / 
FIO. 1.  A Nilella cell is held under gentle pressure in a  cork C. The left end of the 
cell A  is enclosed in a  tube filled with water. The right end B  is enclosed in a  tube 
holding 0.47 molal sucrose or 0.5 molal ethyl alcohol. 
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Fio. 2.  Curves obtained by taking the average times required for the movement 
from A to B  of a  column of liquid in the vacuole. Curve I  with water at A and 0.47 
m01al sucrose at B, curve II with water at A and 0.5 molal alcohol at B.  Average of 
12 experiments, probable error of the mean less than 6.6 per cent of the mean. 
This method shows that water enters more rapidly than alcohol but does not tell 
us the relative amounts of each which pass in or out. We may get information on this 
point if we employ an apparatus described in a  former paper  ~ in which the center of 
the cell is surrounded by vaseline and held under gentle pressure in a cork (C, Fig. 1) 
so as to make a  water-tight seal. The left end of the cell, A, is surrounded by water 
contained in a  tube which ends in a  calibrated capillary. The right end, B, is sur- 
rounded by a solution contained in a tube. All the precautions mentioned in the previ- 
ous paper were carefully observed. 
4 Co[lander, R., and B/iflund, H., Acta Bot. Fcnnica,  1933, 11, i. 
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At the start  water was placed at both ends and as soon as the meniscus in the 
capillary became stationary the water at B was replaced  e by 0.47 molal sucrose  7 having 
an osmotic pressure of 12 atmospheres at 25°C.  (all  osmotic pressures are taken at 
this temperature). 
This caused an immediate movement toward the right of the meniscus in the capil- 
lary, indicating that water entered at A, passed along inside the cell, and escaped at 
B. Such flow may continue for several centimeters in the capillary if no change is made 
in the solutions but in these experiments the flow was interrupted after it had gone a 
few millimeters. The sucrose at B was then replaced by water. A flow in the opposite 
direction ensued as described in a former paper, s This carried back to A the solutes 
which had moved from A  to B  and restored the cell to its original condition at the 
start. 
The water at B  was then replaced by 0.5 molal ethyl alcohol which has the same 
osmotic pressure  (12 atmospheres)  as the 0.47  molal sucrose previously used on the 
same cell. The average time curve was then plotted (Fig. 2) and the rate of flow, R 
(distance in millimeters divided by time in seconds) at the end of 0.1 cm. of flow was 
determined graphically by drawing a  tangent to the time curve. These values of R 
were used in the following calculations, 
Calculations 
With water at A  and 0.47 molal sucrose at B  we observe a  flow of liquid in 
the cell from A  to B. When we use alcohol in place of the sucrose solution at 
B, keeping the osmotic pressures  the same,  the flow is much slower (Fig.  2). 
This is due to the entrance of alcohol at B. We can make use of this to deter- 
mine  the rate  of entrance  of alcohol. 
When the flow in the capillary amounts to 0.1 era. the amount of water en- 
tering  A  may be  calculated  as  follows.  Since  the  diameter  of the  cell  is 557 
microns and the thickness of the cellulose wall is 15 microns we take the diam- 
eter of the protoplasmic mass as 557  -  30  --  527 microns. Since the thickness 
of  the  protoplasmic  layer  surrounding  the  vacuole  is  about  15  microns  we 
regard the diameter of the vacuole as 527  --  30  =  497 microns. As the water 
moves chiefly in the vacuole and  the volume of the protoplasm  is relatively 
very small  we shall  for convenience in  calculation  neglect  the  movement in 
the protoplasm. The osmotic pressure  in the protoplasm is the same as in the 
vacuole. 
Let us suppose that sufficient water moves from A  to B  to produce a  flow of 
0.1  cm. in the capillary. The flow in the capillary would measure  that in the 
vacuole if the diameter  of the capillary were as large as that of the vacuole. 
Since the diameter  of the vacuole is 497  microns and  that  of the capillary is 
473  microns a  flow of 0.1  cm.  in  the  capillary  is equivalent  to  a  flow of 0.1 
e This was done by means of a pipette. 
7 Previous experiments have shown that there is little or no penetration of sucrose. 
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(473  -- 497)  =  0.0952 cm. in the vacuole. Since A  includes the area under the 
cork it is 3.9 cm. long and the loss is 100  (0.0952  +  3.9)  =  2.44 per cent. 
We may assume for purposes of calculation that each section of the vacuole 
with a  length of  1  cm.  contains 6.4 x  mols of  a  solute  S  giving  an  osmotic 
pressure of 6.49  atmospheres at 25°C.  (all osmotic pressures are taken at this 
temperature). We assume that S  is the only solute present and that it cannot 
pass  out  through  the  protoplasm. 
We assume that when 0.47 molal sucrose is placed at B  and 2.44 per cent of 
the liquid in A  moves to B  there is a  loss of 2.44 per cent of the solute in A so 
that  the  osmotic pressure in A  fails from 6.4  to  6.4  --  0.156  =  6.24 atmos- 
pheres. As A  is 3.9 cm. long the amount of S in the vacuole at A  is 3.9 (6.4)  -- 
25 x tools. When 2.44 per cent of this moves  the  amount  leaving A  is 0.0244 
(25)  --- 0.61 x  mols. Since B  is 3.82 cm. long each section with  a  length  of  1 
cm.  receives 0.61  --  3.82  =  0.16  x  tools thus  raising its  osmotic  pressure  to 
6.4  -b  0.16  =  6.56  atmospheres. 
We then  have: 
At A  At B 
P~  -- 6.4  -  0.156  -- 6.24  PxB  ----  6.4  +  0.16  =  6.56 
PoA-~0  PoB  =  12 
Dx  ~  6.24  -  0  -- 6.24  D~  =  6.56  -  12  --  -5.44 
Here P1 is the internal and Po the external osmotic pressure and D, the osmotic 
drive, is the difference between them. The driving force which causes water to 
enter the ceU is Ds  -- DB. At the start this is 6.4  --  (6.4 --  12)  =  12 atmos- 
pheres but after a  flow of 0.1 cm. in the cell it fails to 6.24 --  (-5.44)  --  11.68 
atmospheres.  We may for convenience regard the average value 10 as  (12  + 
11.68)  +  2  --  11.84. 
The volume of water entering A  may be calculated as follows. The volume 
of the vacuole at A  is IrR~L where R  is the radius and L  is the length. Hence 
it is 3.1416  (0.0497  +  2)  ~ 3.9  =  7.56 (10  -3) cc. When the total flow in the cell 
is 0.1  cm.  the amount  of water which has  entered A  is 2.44 per cent of this 
value. Hence it amounts to  7.56  (10  "-~) (0.0244)  --  1.84  (10  -~)  cc.  This  con- 
9 This value is arrived at by plasmolytic experiments with sucrose. See Osterhout, 
W. J. V., J. Gen. Physiol., 1949, 3'2,553. 
The amount of S in the protoplasm does not require special consideration since it 
will be a  small and constant fraction of that in the vacuole; this is evident because 
the osmotic pressure in the protoplasm is the same as in the vacuole as shown by the 
fact that the relative volumes remain constant. 
to This is only approximate since the value of Dx  -  DB does not fall off uniformly 
with time. But the change is smaller than in the experiment where we have alcohol 
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rains 10.2  (10-  e) tools of water. It enters  u a  surface  TM which is 3.1416 (0.0497) 
2.2  =  0.3435  cm.  * Hence  the  number  of  tools  entering per  cm?  is  10.2 
(I0  -4)  +  0.3435  =  29.7  (I0  --~) and as this takes place in 3.25  seconds the rate 
is 9.14 (10  --6) tools per second per cm.  2 We may call this value Mw. 
Dividing Mw by the average driving force we obtain 9.14 (10  -6) +  11.84  = 
0.772  (10-6).  We may call this value Qw. It represents the number of tools of 
water entering per second per cm.  * under a  driving force  TM of 1 atmosphere at 
25°C. 
Let us now consider some aspects of the time curve of flow (Fig. 2). The rate 
(R) of loss of liquid at A is proportional to the length of the column of liquid 
in A, or LA and to the driving force, DA -- DB. Hence we have g  =  K  (LA) 
(DA -- D~) where K  is a velocity constant. We find that at the end of 0.i  cm. 
of flow in the cell 1~ is 0.0308 cm. per second. Hence 0.0308 =  K  (3.9)  [6.24 -- 
(--5.44)] or 0.0308 =  K  (3.9)  (11.68).  Whence K  =  6.76 (10-4). 
After a  flow of a  few millimeters the 0.47 molal sucrose at B  was replaced 
by water so that Da became greater than Dx and water moved from B  to A. 
As described in a  former paper  s this carried back to A the solutes which  had 
moved to  B  and  so restored  the  cell  to its  original condition. The external 
water at B  was then  replaced by 0.5  molal ethyl alcohol having an osmotic 
pressure of 12 atmospheres. A flow then took place from A to B. At the end 
of 0.1 cm. of flow in the cell the average value of R  was 0.0199.  We now have 
practically the same value of K  as before  t4 since we are still dealing with the 
~t Entrance through the end walls is disregarded since those surfaces are very small 
and paxtly covered with small cells which hinder entrance. 
A is 3.9 cm. long but 1.7 cm. of this is covered by the cork; hence water enters a 
surface 2.2 an. long. 
ts It is assumed as a first approximation  that the rate of entrance  is directly  pro- 
portional  to the driving force. 
14 The value of K depends on the permeability  of the protoplasm  to water,  on the 
dimensions of A, B, and C, on the temperature,  and on the resistance to flow inside 
the cell (since this resistance may depend on the rate of flow K may vary somewhat 
but this  variation will be small and similar for experiments  with sucrose and with 
alcohol). K will also be affected by the permeability  of the celinlose wall to water and 
to alcohol but this effect is probably small. 
If the alcohol affects the permeability  of the protoplasm  to water at B the effect 
in these brief experiments, lasting less than 5 seconds, must be slight. If the entrance 
of alcohol at B interferes with the escape of water the effect must also be slight since 
the amount of alcohol entering  B is only approximately  I per cent by volume. We 
may therefore assume that the value of K is practically  the same in experiments with 
sucrose and with alcohol. 
Experiments show that no change takes place in the permeability  of the protoplasm 
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entrance  of water  at  A  and  the value  of DA is  the  same as  before  since  the 
amount  of flow is  the  same  (0.1  cm.  at  A).  Hence  we  have  as  before  R  = 
K  (Lx)  (DA --  D~) or 0.0199  =  6.76 (10  -4)  (3.9)  (6.24  --  DB) whence DB ---- 
--1.31. Hence D. has risen from --5.44 (p. 278)  to  --1.31 an increase of 4.13 
atmospheres.  This must be due  to the entrance of alcohol into B. 
We are now in a  position  to measure  the amount of alcohol which enters. 
For  this  purpose  we proceed  to measure  DB  as follows.  As we have already 
seen  (p.  277)  0.5  molal alcohol has  an  osmotic pressure  of  12  atmospheres. 
Hence it is evident that to produce 4.13 atmospheres we need (4.13 -- 12) 0.5 = 
0.172 molal. This is 0.78 per cent by weight  lb or 0.9875 per cent by volume.  1. 
The volume of alcohol entering B may be calculated as follows. The volume 
of B  is  IrR~L where R  is the radius and L  is the length; hence the volume is 
3.1416  (0.0497  +  2)  ~ (3.82)  =  7.41  (10  ~)  cc. Since the volume of the alcohol 
entering  B  is 0.9875  per cent of B  it  amounts  to 0.009875  (0.00741)  =  7.32 
(10  -6)  cc.  This  contains  1.25  (10  -~)  tools  of alcohol.  17 
The surface of the protoplasm of B  is ~rDL where D  is the diameter and L 
is  the length.  Hence  the surface is 3.1416  (0.0497)  3.82  =  0.597  cm.  z Hence 
the number of tools entering  per cm2 is  1.25  (10-*)  +  0.597  =  2.09  (10-°). 
The rate at the end of 0.1 cm. of flow is 0.1 cm. in 5.03 seconds, hence we have 
2.09  (10-*)  +  5.03  =  0.42  (10-  6) tools per second per cm.  ~ We may call  this 
value MA. 
We may obtain a  permeability constant Px by dividing Mx by the driving 
force expressed  as  the  external  (Co)  minus  the  internal  molal concentration 
(Ci) of alcohol at B. If we take the average concentration of alcohol inside dur- 
hag the process as 0.172  +  2 =  0.086 molal we have Co -  Ci =  0.5 -- 0.086 ~- 
0.414.  We then  have  PA =  0.42  (10-  6)  +  0.414  =  1.01  (10-s).  This is  the 
number of tools entering 1 cm.  * in 1 second when Co --  Ci  =  1  and  the  tem- 
perature is 25°C. In this  case  the  driving  force  is  24  atmospheres.  Dividing 
ram.) by putting 0.47 molal sucrose at B for we find that after this has happened and 
the cell has been restored to its original state by putting water at B we can produce 
a  second flow by replacing the water at B  with 0.47 molal sucrose and get the same 
time curve as before. 
in Since the molecular weight of ethyl alcohol is 46.07 we have 46.07  (0.172)  = 
7.92 gm. plus 1000 gin. of water giving 0.78 per cent by weight. 
is This value is obtained by ascertaining that the specific gravity of 0.78 per cent 
ethyl alcohol by weight is the same as the specific  gravity of 0.9875  per cent ethyl" 
alcohol by volume. These values are for 15.56°C.  but the difference from 25°C. may 
be neglected.  Cf. Handbook of Chemistry and Physics, Cleveland,  Chemical Rubber 
Publishing Co., 1941,  1578. 
17 The specific gravity of ethyl alcohol at 25°C. referred to water at the same tem- 
perature is 0.7874.  As 1 tool contains 46.07  gin. it contains 46.07  +  0.7874  ~  58.5 
ml. Hence 7.32  (10  s) ml. contain 7.32 (10  -~)  +  58.5  ~  1.25 (10  -6) tools. w.  3.  v.  OSZ~.P.HOUT  281 
by 24  to obtain  the value for 1 atmosphere of driving force we obtain 0.042 
(10-  e)  which agrees with the value of QA obtained below. 
We may also obtain a  permeability constant KA if we assume that the time 
curve of penetration is of the first order. We then have: 
K,~ ~  1log Co C° 
where KA is the permeability constant,  Co is the external concentration of al- 
cohol, and Ci the internal concentration at B. A is the area where alcohol enters 
and t  is the time during which penetration occurs. Since the area is 0.597 cm.  2 
(p.  280)  and  the  time is 5.03  seconds we have: 
1  0.5 
KA ~  0.597 (5.03) log 0.5 -- 0.172 
** 0.0609 
We  obtain  the  same result  if we  employ pressures  in  place of concentra- 
tions  and  write: 
1  12 
KA =  (o.597)(s.~) log  ~  _  4.13 
-- 0.0609 
If we attempt to set up a  similar permeability constant Kw for water on the 
basis of osmotic pressure we meet with the difficulty that a  given number of 
tools of water entering A produces a very small change in Dz -- DB as compared 
with the effect of the same number of tools of alcohol entering B  so that  the 
resulting value is not comparable with that already given for alcohol. 
The driving force for alcohol during the period of 5.03 seconds falls from 12 
atmospheres at the start to 7.87 at the end (p. 280) so that we may take as the 
average driving force during  the period  (12  -}-  7.87)  --  2  =  9.94.  Dividing 
MA by this gives 0.42  (10  -6)  --  9.94  -  0.042  (10-e). We may call this value 
Qx,  TM  corresponding to Qw  (p.  279). 
The value of Qw -  Qx =  0.772  (10  -6)  -  0.042  (10  -6)  ~  18.4.  This means 
that  18.4  times as many tools of water as of alcohol enter  during  the same 
period when the driving force is the same for alcohol as for water at the start. 
It may be added that with alcohol at B  the driving force causing alcohol to 
enter the cell at B  is equal to A0 -  Ai where A0 is the osmotic pressure of al- 
cohol outside the cell and Ai is the osmotic pressure of alcohol inside the cell. 
At the start A0  --  Ai  =  12 atmospheres. The driving force causing water to 
enter the cell at A is equal to DA -- DB which at the start is 12 atmospheres. 
The driving force for alcohol falls off with time as Ao remains constant and Ai 
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DB increases as Ai increases and in addition augments as solute moves from A 
to B. 
The difference between water and alcohol in respect to driving force increases 
with time. For this reason the comparison has been limited to the period re- 
quired for the first flow of 0.1  cm. 
As the process continues the value of DB rises as the result of the penetra- 
tion of alcohol and partly as the result of the movement of solutes which would 
bring the process to a  standstill even if no alcohol penetrated,  s The penetra- 
tion of alcohol not only causes an earlier cessation of the movement from A to 
B but eventually induces a return movement from B to A as DB becomes greater 
than DA. 
DISCUSSION 
The fact that water enters Nitella so much faster than ethyl alcohol seems 
surprising  because the surface of the protoplasm is  composed of substances 
immiscible with water. This immiscibility is  shown for the outer surface by 
plasmolysis with muses the protoplasm to draw away from the cellulose wall 
and  for  the  inner  protoplasmic  surface  by  observation  18  of  the  boundary 
between the vacuole and the protoplasm which can undergo much distortion 
without rupture. In both cases the protoplasmic surface in contact with water 
behaves like a  layer of oily material. Further confirmation of this is found in 
the  very high electrical resistance  19 of the protoplasmic surface and  a  very 
high electrical capacity,  ~° amounting to 1 microfarad or more per cm: 
One of the chief factors in the rate of entrance of substances in molecular 
form such as alcohol and  water is  their concentration gradient  in  the non- 
aqueous protoplasmic surface layers. For the present purpose the inner and 
outer protoplasmic surfaces may be regarded as a  single layer which may be 
called for convenience X.  The concentration gradient  in X  depends  on  the 
concentration in the external solution and in the sap and on the partition coeffi- 
cient which may not be the same  *' at the outer and inner surfaces of X. These 
may be called for convenience So for the outer surface and  S i for the inner 
surface. The concentration gradient in X  wiU therefore be Co So -- C i S i where 
Co is the concentration outside and So the partition coefficient at the external 
surface of X  and C, and S~ are the corresponding values at the inner surface 
of X. Since the concentration of water inside the cell does not differ much from 
is Osterhout, W. J. V., J. Gen. Physiol.,  1944-45, 28, 17. 
19 Blinks, L. R., Y. Gen. Physiol.,  1930, 13, 495; 1936, 20, 229. Curtis, H. J., and 
Cole, K. S., J. Gen. Physiol., 1937-38, 9.lp 189. 
s0 Curtis,  H. J., and Cole, K. S., J. Gen. Physiol., 1937-38, 21., 189. Blinks, L. R., 
and Skow, R. K., Y. Gen. Physiol., 1940-41, 24, 247. 
21 Irwin, M., Proc. Soc. Exp. Biol. and Med.,  1927-28, 9.5, 127; 1932, 29, 993. w.  J.  v.  OSXE~.~OVT  283 
its concentration outside it is evident that the concentration gradient of water 
in X  cannot be much higher for water than for ethyl alcohol unless the parti- 
tion  coefficient is higher  for water than  for alcohol. 
The literature  contains  statements  to  the  effect that  some ceils are  more 
permeable to water and others are more permeable to alcohol. These statements 
are based on changes in the volume of the cell and merely tell us whether the 
volume of alcohol entering is greater or less than the volume of water leaving 
the ceil. What we wish to know, however, as in all permeability studies, is the 
relative number of mols entering or leaving the cell. If we take the volume of a 
mol of ethyl alcohol at 25°C. as 58.5 ml. and that of a  mol of water as 18 ml. 
it is evident that if a mol of alcohol enters the ratio of mols of water which must 
leave the ceil in order to keep the volume constant is 58.5 --  18 =  3.25. If this 
fails to happen expansion will occur even though the number of tools of water 
leaving the cell is 3 times as great as the number of mols of alcohol entering. 
The statements in the literature must be  examined from this point of view. 
If the volume of the cell decreases, as in Nitella, it is evident that both the 
volume of the water as well as the number of tools leaving the cell is greater 
than the corresponding values for alcohol entering so that the cell is more per- 
meable to water than to alcohol since the driving force in atmospheres is the 
same for both. But if the cell expands we cannot make any definite statement 
since we only know that  the volume of alcohol entering  the  cell exceeds the 
volume of water leaving but we do not know whether the number of mols of 
alcohol entering is greater than the number of mols of water leaving (a single 
mol of alcohol entering would cause expansion even though  3  mols of water 
left at the same time). 
For a review of the literature the reader may be referred to papers by Zehet- 
her  ~  and by Stewart.  ~  According to Zehetner the flowering plants in general 
show  shrinkage  in  solutions  of ethyl  alcohol indicating  greater permeability 
to  water  than  to  alcohol but  this  is not  always the  case with  lower plants. 
He confirms Holdheide in saying that in the alga Hydrodictyon the ceils may 
burst in solutions of ethyl alcohol. 
In Chara which is closely related to Nitella the experiments of Coilander and 
B~rlund  4 show  a  greater permeability to  water  at  least  at  lower concentra- 
tions of alcohol which are  not  toxic.  According  to  Stewart  ~  eggs of Arbada 
punctulata swell in molar solutions of methyl and of ethyl alcohol in sea water. 
I  wish to thank Mr. J. S. Fass for the care and skill he has shown in carrying out 
these experiments. 
22Zehetner,  H.,  Jahrb.  wissensch. Bot.,  1934, 80,  50.5. Regarding  Spirogyra see 
Lepeschkin, W. W., Am..L Bot.,  1928, 15,122. 
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If we apply water at one end of a Nitella cell, A, and place at the other end, 
B, a  solution of a  substance which does not penetrate, such as sucrose, water 
enters the cell at A, passes along inside the cell, and escapes at B. But if in 
place of sucrose we use a substance which penetrates such as ethyl alcohol the 
flow of water is lessened and this fact makes it possible to measure the amount 
of alcohol which enters. (An increase in the size of cells placed in solutions of 
alcohol does not necessarily indicate that the number of tools of alcohol enter- 
ing is greater than the number of mols of water leaving the cell.) 
The permeability for water is more than 18 times as great as for ethyl alco- 
hol. The behavior of the 2 substances was compared in  the same individual 
cell with a  driving force which at the start was the same for both substances. 
The number of tools entering per second per cm.  2 of surface with a driving force 
of  1 atmosphere at  25°C.  is 0.772  (10  -e) for water and 0.042  (10  --6) for ethyl 
alcohol. 
The experiments indicate that the non-aqueous substance at the surface of 
the  protoplasm  has  a  higher  partition  coefficient for water  than  for  ethyl 
alcohol, although the protoplasmic surface is composed of materials not mis- 
cible with water. 